a b s t r a c t A significant body of research has focused on the role of domestic wastewater treatment systems (DWWTSs) as sources of human-specific aquatic contaminants in both developed and developing regions. However, to date few studies have sought to investigate the awareness, attitudes and behaviours of DWWTS owners and the efficacy of associated communication initiatives. The current study provides an examination of a public national engagement campaign undertaken in the Republic of Ireland which seeks to minimise the impact of DWWTSs on human and ecological health via concurrent inspection and information dissemination. Overall, 1634 respondents were surveyed using a ''before and after" study design to capture if and how awareness, attitudes and behaviours evolved over time. Findings suggest that whilst the campaign provided a modest baseline to raise general awareness associated with the basic operational and maintenance requirements of DWWTS, there has been little or no behavioural engagement as a result, suggesting a significant awareness-behaviour gap. Accordingly, efforts to minimise potential human and ecological impacts have been unsuccessful. Moreover, results suggest that public attitudes towards water-related regulation and policy became increasingly negative over the study period due to parallel political and economic issues, further complicating future engagement. Future strategies, both in Ireland and further afield, should focus on health-based demographically-focused message framing to achieve significant knowledge and attitudinal shifts amongst specific population cohorts, and thus bring about significant behavioural change. Study findings and recommendations may be used by myriad stakeholders including local, provincial and national authorities to effectively engage with individuals and communities prior to and during implementation of legislative and policy-based instruments within numerous spheres including climate change adaptation, environmental quality, hydrological risk, and hydro-ecology.
Introduction
Rural Ireland is currently home to approximately 37% (1.78 million) of the national population (4.64 million), and is characterised by a heavily dispersed yet locally dense settlement pattern (Scott and Murray, 2009) , with most settlements comprised of individual private or ''one-off" dwellings situated outside urban administrative zones (CSO, 2012hy ). An estimated one third of Irish households (>75% of rural households) are not connected to a municipal sewerage scheme, with approximately 440,000 (27.5%) individual dwellings associated with a DWWTS (CSO, 2012) . When correctly located, designed, installed and maintained, DWWTSs represent an appropriate method for domestic wastewater treatment and disposal. However, if improperly situated, constructed, and/or managed, they constitute a significant threat to human health and the aquatic environment via contamination of surface and groundwater resources (Hynds et al., 2012 .
A significant percentage of existing DWWTSs in the Republic of Ireland are believed to be operationally deficient and situated near private wells and group water schemes, both of which are ubiquitous throughout rural Ireland (CSO, 2012; Hynds et al., 2013) . When considered in concurrence with the high numbers (and density) of DWWTSs in Ireland, large areas characterised by high and extreme groundwater vulnerability, and shifting climatic patterns (i.e. increased incidence of high intensity rainfall events and flooding), the risk of groundwater contamination attributable to DWWTSs is believed to be high (Hynds et al., 2012 .
https://doi.org/10.1016/j.jhydrol.2018.01.041 0022-1694/Ó 2018 Elsevier B.V. All rights reserved. Cussen (2010) previously estimated that approximately 25,000 DWWTSs are actively polluting groundwater while approximately 120,000 are polluting surface water, with these figures likely to rise due to a marked increase in the number of ''one-off" rural dwellings constructed during Ireland's property boom from the mid1990s to the mid-2000s, allied with a longstanding absence of regulatory controls pertaining to both private groundwater sources and DWWTSs (Scott and Murray, 2009; CSO, 2012) . Moreover, recent studies suggest consistently increasing national rates of waterborne infection over the past decade, and note a marked association between confirmed cases and previous exposure to private wells (Garvey et al., 2016; ÓhAiseadha and Hynds, 2017) .
Due to the rural infrastructural profile of the Republic of Ireland, the magnitude of these issues is almost unique, however contamination problems deriving from DWWTSs have been noted elsewhere (Borchardt et al., 2011) , as have other impediments to state interventions such as geographical isolation (Castleden et al., 2015) . The responsibility to safeguard ecological and human health from domestic wastewater thus frequently lies with ''nonexpert" custodians (i.e. private well owners, DWWTS owners, etc.). These individuals often lack financial and/or material support, necessitating establishment of focused communication strategies to promote DWWTS risk awareness and maintenance (Castleden et al., 2015) . Precedents for best practice in this field are scarce. However, existing research relating to behavioural change campaigns and public acceptance in various other domains has repeatedly emphasized the significance of contextual factors and target audience characteristics in determining campaign structure and outcomes (Howlett and Cashore, 2009; Atkin and Rice, 2012) .
In late 2009, Ireland was formally admonished by the European Court of Justice (ECJ) for continued negation of its obligations to appropriately regulate domestic wastewater generated in unsewered (rural) areas, as required under articles 4 and 8 of the 1975 EU Waste Framework Directive (75/442/EEC) (European Commission, 2011) . Subsequently, the European Commission announced its intention to impose a lump-sum fine (€2.7 million) and daily penalties (€26,173), resulting in amendments to existing national legislation and enactment of new legislation in 2012 (i.e. Water Services (Amendment) Act (WSA)). The WSA comprised a suite of obligations for DWWTS owners including system registration and appropriate maintenance/remediation, in addition to requiring local authorities to undertake DWWTS inspections within their jurisdiction. Accordingly, Ireland's Environmental Protection Agency (EPA) developed an overarching National Inspection Plan (NIP), which aimed to safeguard public health and the environment using a two-strand approach of education and awareness strategies along with a risk-based inspection process (EPA, 2013 (EPA, , 2015 . Due to financial limitations (and perhaps, to a greater or lesser extent, a degree of political expediency), a relatively low number of inspections (n % 1000) will be undertaken annually, thus the primary NIP component is a public information strategy to promote good practice relating to the operation and maintenance of DWWTSs (EPA, 2013) .
Communication strategy structure and content were developed following consultation with various environmental, agricultural and rural interest groups, in addition to expert opinions and recommendations. Notably, there was no targeted dialogue with or platform for DWWTS householder opinions or concerns during the public consultation phase. Consequently, it was decided that the communication strategy would comprise a public awareness campaign focused on communicating key messages pertaining to clean water and appropriate DWWTS maintenance. Nationally, numerous mechanisms including national press (newspaper, radio, television) and a dedicated website were employed, with outreach activities initiated in early/mid-2013. Approximately 1.5 million information leaflets were issued to local authorities and relevant bodies (e.g. group water schemes) for distribution (EPA, 2015) . Locally, employed mechanisms included: emails/letters to registered owners, information packs, leaflets, local authority website notices, local radio and newspaper articles/interviews, preinspection visits, school visits, social media notices and stakeholder meetings. (EPA, 2015) .
The objective of the current study was to examine the overall efficacy of the aforementioned public risk communication campaign through comparative analyses of temporal shifts (''before and after") in awareness, perception and behaviour among DWWTS users based on a previous (''before") study undertaken prior to NIP implementation (i.e. the intervention) (Naughton and Hynds, 2014) . This paper thus represents a longitudinal evaluation of a national environmental communication campaign and a timely examination of householder risk awareness and prevention pertaining to DWWTSs. More broadly, the paper examines societal responses to policy instruments and public information campaigns with respect to hydrological risks, water contamination, and human health, thus permitting assessment of strategy efficacy and development of recommendations pertaining to similar future campaigns. To guide and inform overall survey development and data collation, the following research questions were formulated:
1. What are current (''post-intervention") levels of environmental awareness and risk perception among Irish DWWTS owners and users? 2. Have levels of environmental awareness and risk perception changed over the study period? 3. Has the process of public outreach succeeded and, if not, why? 4. What amendments might be employed to improve/optimise future public hydrological communication?
Materials and methods

Survey design and completion
In order that direct comparisons could be made and a primary study objective realised (i.e. quantification of strategy success), several previous (''pre-intervention") survey questions associated with respondent awareness and perception (Naughton and Hynds, 2014) were retained, including all questions from Sections 1 (n = 10), 2 (n = 6), and 5 (n = 5), as outlined below. New questions were devised to i) investigate respondents' primary sources of information on hydrological issues in general and DWWTSs and ii) examine perceived strategy strengths and weaknesses.
Previously elucidated behavioural and/or perception-based relationships, in addition to previously highlighted knowledge gaps (Naughton and Hynds, 2014) were used to inform overall questionnaire structure, individual questions and available responses. The developed questionnaire comprised 31 questions, with dichotomous (n = 9), categorical (n = 12), and Likert-scale (ordinal) (n = 8) response options favoured over open-ended (format) questions to ensure survey brevity, comprehension, and comparative analyses. A small scale (%5% of sample size) pilot study was undertaken for survey validation; pilot study data have been omitted from analyses. All survey questions included a ''Don't Know" response option, to permit quantification of a lack of awareness or risk perception. The final questionnaire comprised five sections, as follows:
Section 1 (10 Questions): Respondent socio demographics (age, gender, residential ownership; household size and composition; geographical location) and domestic (waste)water reliance (DWWTS type, on-site location, age, discharges and design; drinking water source and treatment) Section 2 (6 Questions): DWWTS inspection and maintenance (inspection and maintenance history, knowledge of appropriate inspection and maintenance procedures including visual auditing and system desludging) Section 3 (5 Questions): National Inspection Plan -Public Engagement (awareness of NIP and associated public engagement, unsolicited receipt of pertinent information, perceived clarity and value of information, source(s) of information, utilised and preferred sources of information) Section 4 (5 Questions): DWWTS registration and remediation (system registration, likelihood/expectation of necessary remediation, perception of environmental regulation and legislation) Section 5 (5 Questions): Hydrological contamination (Contaminant source awareness, public health awareness, previous contamination events, perception of hydrological hazards)
The survey was initiated in November 2013, following the first round of public communication as part of the NIP, and continued over a 6-month period until April 2014, with an online recruitment and completion approach employed. The questionnaire was hosted on a cloud-based survey application and distributed among the rural Irish population via several non-professional interest groups. Respondent recruitment was initiated via distribution of an introductory email, which outlined the overall study objectives and procedure. Prospective respondents were ensured that study participation was entirely voluntary and confidential, with no potentially identifiable data collated. No financial reward was offered to participants.
Overall, 533 rural respondents completed the "post-commu nication" survey. Based upon sample size calculations employing a 95% confidence level, a conservative (50%) ''worst case" percentage, and a total DWWTS population of 450,000 households (CSO, 2012; EPA, 2015) , the survey sample equates to a 4.2% confidence interval (CI).
Data analysis
Survey responses were categorised, numerically coded and analysed using the ''survey" package (Lumley, 2013) within the R statistical environment. Pearson chi-square tests of independence were used to determine the presence of associations between categorical (dichotomous and nominal) variable pairs. Odds ratios (OR) and associated 95% CIs were calculated to examine the level of association between dichotomous pairs. Independent samples t-tests (difference of means with equal variance assumed) were used to test for the presence of associations between dichotomous and continuous variables (i.e. Before = 0; After = 1), with all continuous variables normalised via the Box-Cox power transformation (K = À2; Transformation Eqn = 1/Y 2 ). One-way analysis of variance (ANOVA) was used to test for relationships between continuous variables and categorical variables with >2 levels of classification (i.e. Cluster Membership 1-3). Bonferroni post hoc multiple comparison analysis was employed upon rejection of the global null hypothesis H 0 (i.e. F-test with p < 0.05) to identify significantly different categories. The Kruskal Wallis test (one-way ANOVA on ranks) was used to examine associations between categorical variables with >2 levels of classification and ordinal/ranked variables. Spearman's non-parametric measure of rank correlation was used to examine relationships between continuous variables with nonlinear distributions. A p-value < 0.05 was used by convention.
Three indicators were developed and utilised for directly comparing pre-and post-intervention respondent levels of awareness and behaviour. The ''awareness performance indicator" score was calculated for each individual respondent, based upon answers to six questions which were included in both pre-and postintervention surveys, which are presented below. Scores were assigned based upon the respondent exhibiting a presence or absence of awareness, resulting in a maximum cumulative awareness score of 6. Awareness performance scores were allocated as follows: The ''behavioural performance indicator" score (cumulative maximum: 3) was calculated based upon three analogous ''before and after" questions, set out below. For the purposes of calculating ''behavioural performance", respondents exhibiting an absence of awareness (i.e. Don't Know) were omitted from analyses of behavioural performance. All three questions were allocated an equal behavioural score ( The ''attitudinal indicator" was based upon respondent membership of one of three developed clusters. Clusters were developed based upon responses to an ordinal (ranking) question which captured respondents' attitude towards the introduction of DWWTS registration and inspection; respondents were asked to prioritise the following four rationales: environmental quality (Q), human health (H), governmental revenue (R) and legislative compliance (C). Agglomerative hierarchical clustering (between groups linkage; squared Euclidean distance method) was used to optimize cluster number (''elbow" method), with k-means clustering (iteration and classification) used to assign cluster membership (Naughton and Hynds, 2014) .
Results
Respondent summary
Overall, 533 respondents completed the post-intervention survey (Table 1) . Respondents from all 26 of the Republic of Irelands administrative units (counties) were surveyed, with study findings considered geographically and demographically representative based upon the most recent (2016) Irish census. There was a signif-icant association between respondent age and homeownership (v 2 (6) = 330.068, p < 0.001), with older respondents more likely to own their current residence. Private water wells (groundwater), public mains (groundwater or surface water) and private group water schemes (primarily groundwater) accounted for 32.3% (n = 172), 35.8% (n = 191), and 17.8% (n = 95) of respondent's domestic water supplies, respectively.
Communication and engagement
Just under 70% of respondents (n = 346) exhibited an awareness of the NIP, with differing levels of awareness associated with gender (v 2 (1) = 5.623, p = 0.018), age (v 2 (6) = 20.787, p = 0.002), and homeownership (v 2 (1) = 4.712, p = 0.030). Homeowners and female respondents were 1.5 times (OR 1.540, 95% CI 1.042-2.276) and 1.6 times (OR 1.626, 95% CI 1.086-2.435) more likely than ''non-homeowners" and male respondents, respectively, to exhibit an awareness of the NIP. Awareness of the NIP increased consistently with age from 62.4% among 18-24 year olds to 86.2% among those >55 years. A significantly higher proportion of post-intervention respondents (79.8%) agreed with regular DWWTS monitoring and inspection than was evident among preintervention respondents (58.5%) (v In all, 27.3% (n = 134) of post-intervention respondents stated that they had attempted to access information pertaining to DWWTS operation and maintenance over the communication period; homeowners were significantly more likely to have tried acquire information (OR 2.145, 95% CI 1.379-3.338; v 2 (1) = 11.737, p = 0.001), with information primarily acquired via leaflets (50.45%) and the internet (30.8%) (Fig. 1) .
Highest levels of efficacy were attributed to information sourced from the internet and information leaflets (sent to individual households by local and/or national authorities), with lowest levels associated with local radio and national newspapers (Table 2) . Younger respondents were more likely associated with data acquired from the internet (v Post-intervention respondents were asked to rank their media type preferences in terms of future information receipt (Table 3) ; male respondents exhibited a preference for national radio, newspapers, and word of mouth (p < 0.05). Younger respondents preferred social media and word of mouth, while ''traditional" media types (e.g. newspapers, radio) are preferred by older respondents (and homeowners). For example, ''non-homeowners" were over four times more likely to select social media as their preferred source of information (OR 4.344, 95% CI 2.650-7.123), and over twice as likely to acquire information via word-of-mouth (OR 2.206, 95% CI 1.386-3.512).
Respondent awareness
A significantly higher level of awareness was found among post-intervention respondents with respect to system type (p < 0. 001) and DWWTS as potential sources of environmental contamination (p < 0.001) (Table 4a ). Conversely, pre-intervention respondents were more likely to exhibit an awareness of DWWTS age (p = 0.003) and system influent (p = 0.013) (See Table 5.) No significant mean awareness score difference was found between pre-and post-intervention respondents (p = 0.886) (Table 4b) ; while this was also the case among homeowners (p = 0.550), a higher level of awareness (p = 0.022) was found among pre-intervention non-homeowners. Further analyses of the postintervention sample population indicates a significant difference with respect to derived awareness score and age (F(6) = 7.980, p < 0.001); Bonferroni post hoc tests (using the 45-54 year group as reference group) indicate a lower mean awareness of 1.002 (16.7%) among 18-24 year olds, and 0.726 (12.1%) among 25-34 year olds. Respondents who reported receiving relevant information as part of the NIP were associated with a higher level of awareness (5.05 vs. 4.76) (t = À2.144, p = 0.033), with this association particularly marked among non-homeowners (4.59 vs. 4.05).
Overall, 56.6% of post-intervention respondents reported being aware of how to correctly inspect their domestic treatment system, with gender (p = 0.024), age (p = 0.002) and homeownership (p < 0. 001) all significantly associated with awareness of inspection procedures. Male respondents were approximately 20% more likely aware of the inspection process (OR 1.203, 95% CI 1.020-1.428), while procedural awareness was higher among older respondents. Similarly, receipt of information was associated with awareness of inspection procedures (v 2 (1) = 15.868, p < 0.001) and a significantly increased likelihood of procedural awareness (OR 2.775, 95% CI 1.664-4.629). Furthermore, an attempt to acquire information was associated with a significantly higher respondent awareness score (t = À3.003, p = 0.003).
In all, 93.3% and 90.1% of homeowners and non-homeowners, respectively, agreed that poorly-maintained DWWTSs constituted a public health threat (p = 0.273). There was a high level of acknowledgement of poorly maintained systems as a household health threat; with 86% of homeowners and 78.1% of nonhomeowners respectively agreeing (p = 0.058). Interestingly, a significantly higher proportion of respondents with treated domestic water supplies (85.7%) acknowledged a household health threat than those with untreated supplies (76.8%) (v 2 (1) = 4.326, p = 0.038). 
Respondent behaviour
As shown (Fig. 2) , there was a reported increase in desludging frequency during the study period (v 2 (3) = 74.594, p < 0.001). However, a significant shift was noted among non-homeowners, with results indicating a decrease in mitigative/preventative actions (i.e. inspection, monitoring, and desludging) over the study period (p = 0.001) (Table 6b) , with the inspection and monitoring components of ''behavioural performance" shown to decline significantly among this sub-population.
A significant relationship was found between respondents' belief that their DWWTS would require remediation and those having previously undertaken desludging (v 2 (1) = 13.906, p < 0.0 01). Respondents who had not previously desludged their domestic system were 1.8 times more likely to believe that remediation would not be necessary (OR 1.826; 95% CI 1.327, 2.514). Conversely, respondents that reported regular monitoring of their system were 5 times more likely to believe that their system would require remediation (OR 5.133; 95% CI 3.863, 6 .820). Postintervention respondents who had previously attempted to acquire relevant information were more likely to have inspected their DWWTS (v 2 (1) = 13.264, p < 0.001; OR 3.061, 95% CI 1.639, 5.718). Similarly, a higher proportion of respondents who had attempted to acquire information reported previous desludging (31.3% vs 22.3%), although this was not statistically significant at the 95% level (p = 0.062).
Respondent attitudes
Naughton and Hynds (2014) previously developed three distinct ''attitudinal clusters", namely, (HQ) comprising respondents exhibiting relatively positive attitudes towards environmental governance and underlying governmental motives (i.e. regulations applied for the good of human health (H) and water quality protection (Q)); (RC) comprising respondents with a more negative attitude towards governance (i.e. regulations applied for revenue generation (R) and/or obligatory compliance (C)); and (M-RQ) representing respondents who were undecided and tended toward case-by-case judgements. An analogous approach was taken with the post-intervention sample to quantify the magnitude of attitudinal change over the course of the NIP (Table 7) . A significant attitudinal difference was found between pre-and post-intervention respondents (v 2 (2) = 56.986, p < 0.001); lower proportions of post-intervention respondents were associated with the HQ and M-RQ clusters, with a significantly higher proportion of RC (negative attitude) membership. Neither gender (p = 0.383) nor age (p = 0.127) were associated with cluster membership, however homeowners were significantly more likely to be members of the RC and M-RQ clusters (v 2 (2) = 10.155, p = 0.006).
Performance indicators
All three indicators were significantly associated; an increased level of respondent awareness co-occurred with an increased action score (p < 0.001). Calculated respondent awareness was associated with cluster membership (F(2) = 4.887, p = 0.008); while mean awareness scores were not significantly different between the ''negative" (Mean 4.8) and ''positive" (Mean 4.72) clusters, the mean awareness score associated with the ''undecided" cluster (Mean 5.02) was significantly higher (''negative" p = 0.025; ''positive" p = 0.008) than both. Conversely, the lowest mean action score was associated with the ''undecided" attitudinal cluster (F(2) = 3.628, p = 0.027).
Discussion
This study sought to quantify current ('post-intervention') levels of awareness among Irish DWWTS owners, and establish whether awareness and behaviours have changed over the course of a national engagement campaign. Findings are based upon two unmatched cross-sectional surveys (n = 1634), with the principal advantage offered by this study being the direct comparison between ex-ante and ex-post awareness, attitudes, and behaviour, via a series of developed indicators.
During the first full year of the inspection regime (July 2013 -June 2014), a reporting period during which the postintervention survey was undertaken, 987 household DWWTS inspections were carried out nationwide, 48% of which failed (EPA, 2015) . The most frequently cited reason for inspection failure was a lack of desludging (>50%), while other recurrent factors included ineffective DWWTS operation and/or maintenance, unlicensed or inappropriate discharges (e.g. rainwater, surface drainage), and system leakages (EPA, 2015) .
General socio-demographic results from the current study align with previous hazard-related risk awareness and perception studies, with gender (Scolobig et al., 2012) , age, and homeownership (Burningham et al., 2008) Table 7 Membership of developed ''attitudinal clusters" among pre-and post-intervention survey respondents. awareness. Higher levels of awareness among post-intervention respondents concerning DWWTSs as sources of waterborne contaminants, combined with a 2.8-fold increase in agreement with DWWTS monitoring and inspection (support rose to 80% from 58.5% pre-intervention), suggests a degree of cognitive engagement with several issues addressed by the communication campaign. Conversely, behaviours were not found to directly manifest themselves as pro-environmental or protective responses (i.e. a lack of behavioural engagement). Accordingly, the authors conclude that NIP activities were not ''engaging", and were simply dissemination of information. Citizen engagement with respect to hydrological (and other) issues requires continual reciprocation of information and, perhaps more importantly, functional interaction between the public and public/policy bodies initiating the engagement scheme (Armstrong, 2013) . Conversely, some view the public having engaged by being ''passive recipients of information" or by providing their opinion through questionnaires (Rowe and Frewer, 2005) , thus citizen engagement itself represents a relatively fluid concept with a wide (or entirely absent) spectrum of characterisation. Indeed, the terminology associated with public communication campaigns, citizen engagement, and participation are frequently used interchangeably, and thus confusion remains regarding the use of terminology. In this case, the campaign (NIP) was not what is generally considered engagement and would probably have benefitted from employing engagement strategies. A scoping review of the literature and comprised definitions indicates that the primary aim of a public communication campaign is development of behaviour conducive to desirable social outcomes (Coffman, 2002; Atkin and Rice, 2012) , in this case, the level of behavioural change resulting from the NIP campaign was found to be limited. While respondents acknowledged contamination risks, other factors would appear to limit precautionary behaviours; previous studies report that factors such as familiarity with a pre-existing risk, voluntariness of exposure combined with (perceived) personal control over a hazard, may modify a threat perceived by a household, thereby reducing their motivation to act (e.g. Griffin and Dunwoody, 2000) . Decision-making processes and actions in environmental and human health scenarios are often predicated on prior experiences, interpersonal networks, heuristics and emotions. Previous investigations of household behaviours relating to DWWTSs and private wells have noted low health, environmental literacy levels and negligible stewardship in parallel with risk acceptance (Mankad, 2012; Castleden et al., 2015; Chappells et al., 2015) . Nonetheless, there is at least an indication of perceived control or optimistic bias in this study, whereby those respondents associated with treated drinking water supplies were more likely to acknowledge a household health threat than those with untreated supplies, thus suggesting that people with untreated water supplies may be overly confident about the quality of their water.
Study findings indicate a discernible shift towards the negative RC 'attitudinal cluster' (Table 7) ; while a large proportion of respondents associated with membership of the negative cluster were previously ''undecided" (M-RQ), a sizable number have shifted directly from a positive to more negative attitude. Important factors associated with general awareness and behaviour include personal values and/or beliefs and trust (Muro et al., 2012) . It is considered likely that proliferation of a more generally negative attitude among study participants captures the recent general decline in public trust in political institutions , the experience of austerity associated with recent global financial events (Kinsella, 2012) , and ongoing controversy concerning water policy reforms and efforts to introduce water charges in Ireland, (Kelly-Quinn et al. 2014) . These declines in public trust necessitate actions by local and national authorities given the relationship between trust and societal adoption of precautionary behaviours (Lo et al., 2015) . For example, actions for improving public perception towards authorities within the realm of hydrological risk may include free system registration and assessment, free system remediation upon inspection failure, or free connection to a municipal treatment system if preferred. Adoption of mechanisms facilitating active dialogue and potential incentives may reduce householder scepticism and alleviate practical barriers (e.g. financial, accessibility) (Dean et al., 2016) . While findings reveal an increased level of self-reported awareness among those in receipt of information, only 35% of postintervention respondents reported receiving information without seeking to acquire it; similar to the baseline pre-intervention level. The majority (55%) of post-intervention respondents who received information adjudged it as being useful, with preferences for sources of information being linked to age. Reported awarenesslevels amongst the younger and associated ''non-homeowner" cohorts were found to decline over the study period, thus reflecting an important sub-population (i.e. future custodians) for future demographically-focused outreach and engagement activities.
Those who attempted to acquire information (i.e. information seeking) exhibited higher levels of cognitive awareness, and were more likely to have previously desludged their DWWTS, in line with equivalent precautionary responses found in previous hazard studies (Hynds et al., 2013; Naughton and Hynds, 2014) . However, more generally, receipt of information and respondent behaviour were not found to be related. This is particularly worrying given the high reported rates of microbial contamination in rural water-supplies in Ireland (Hynds et al., 2012) ; albeit, this likely further explains the persistence of this source of transmission. This finding builds on Naughton and Hynds (2014) who identified that unregulated private groundwater users exhibited the lowest awareness of DWWTS as a potential source of aquatic contaminants despite being the group at greatest risk.
''Self-efficacy" is frequently highlighted as an important factor in people's self-protective behaviours (Bubeck et al. 2013 ). In the current study, those respondents who had previously demonstrated awareness and taken actions (visual inspection, desludging, etc.) were more likely to believe their system would require future remediation in the event of an inspection, contrasting with those never having taken any remedial action; 'out of sight, out of mind' may be one potential explanatory factor (Devitt et al. 2016) . As observed by Devitt et al. (2016) in Ireland, the presence of contamination does not always equate to acknowledgement. Absence of sensory cues, cumulative household immunity to disease, protracted time-lag effects, and lack of familiarity with onsite DWWTS and/or private wells may lead householders to incorrectly assume non-existence of contamination and shirk their duties (Paul et al., 2015; Devitt et al., 2016) . There is evidently a need to acknowledge the role of experiential and sensory factors in determining household risk perception and behaviour towards DWWTSs in particular and hydrological risks in general (de França Doria, 2010) .
At the cohort level, all three derived indicators were significantly associated. With a multitude of differing definitions and terminology frequently ascribed to concepts such as awareness (e.g. knowledge, perception), attitude (e.g. beliefs, values, feelings) and behaviour (action, preparedness, mitigation), it is difficult to accurately compare results with previous studies. Nevertheless, the apparently ''circular" pattern of association uncovered in the current study would seem to resonate with the general literature concerning environment (including hazards) and behaviour (e.g. Raaijmakers et al., 2008; Devitt et al., 2016) , often incorporating theoretical frameworks that seek to recognise the complexity of factors frequently competing to influence and shape decisions and actions, and similarly the persistence of well-established awareness-action gaps (Mankad, 2012; Castleden et al., 2015) found across elements of this study.
These contrasting findings provide evidence of the inherent complexity of influencing behaviour in a population characterised by stratification into differing cohorts of awareness, attitude and behaviour. Theoretical perspectives related to public communication assist in understanding the cognitive processes and behavioural determinants that inform information absorption and decision-making. If message content, form and style are appropriately tailored to the attributes, abilities, and interests of different audience types, campaign effectiveness will likely increase (Atkin and Rice, 2012) . For example, advancing behavioural change requires a more segmented communication strategy by targeting householders understanding and perception of hydrological risk. Similarly, true ''engagement" (as opposed to communication) strategies must involve active dialogue and trust building between policymakers and the population as campaigns which truly engage members of the public will have a better chance of success. Whilst there are significant challenges associated with uncovering the specific factors inhibiting (and encouraging) behavioural change, an association between public awareness, the perception of hydrological risk (and public health), and environmental ''stewardship" is recognised and should be applied. With risks to human health likely to be perceived as more immediate than an environmentally framed risk, a health-framed and demographically focused approach to communications, in line with personal priorities, has been recommended to promote behavioural change in future hydrological awareness raising activities (Devitt et al. 2016 ).
Conclusion
Findings from the current study indicate that the NIP risk communication strategy failed to engender a significant change in behaviour among DWWTS users in Ireland. Overall, a low percentage of respondents received or attempted to access information pertaining to DWWTS operation and maintenance, while similar behavioural shortcomings and knowledge gaps were displayed among both pre-and post-intervention respondents. Despite a greater acknowledgement of the contamination risks posed by DWWTSs, a significant portion of post-intervention respondents failed to translate awareness into action; survey results are comparable to findings in other spheres of hydrological/environmental management. To prompt uptake of protective behaviours, this study suggest that organizations communicate information with a variety of audience profiles in mind and acknowledge the value of behavioural and cognitive theories in tailoring messages and media. The clarity and accessibility of technical information is likely a further factor. DWWTS user risk awareness and stewardship displayed a notable correlation with socio-demographic variables, indicating the importance of age and homeownership; accordingly, demographically focused engagement approaches are recommended. The value-action gap and a decline in public trust, allied with scepticism about regulatory motivations may have contributed to the low level of reported behavioural change and high proportion of respondents exhibiting negative attitudes towards environmental regulation. This suggests a need for implementation of more discursive, face-to-face communication mechanisms to rebuild confidence in environmental management, reinforced by respondents' preferences for 'word-of-mouth' information sources and interpersonal communication. Face-to-face, local communication initiatives have proved effective in previous water risk campaigns and are especially pertinent in rural areas decentralized from political centres of power.
As global hydrological issues persist and likely proliferate due to climate change, cognizance of public disposition toward environmental risk and self-responsibility is prerequisite to mounting effective campaigns. By exploring awareness, attitudes and behaviours among DWWTS users on a temporal basis, this study offers valuable insights into the underexplored area of hydrological risk communication and identifies several knowledge gaps requiring attention. To foster greater risk awareness and change monitoring and maintenance behaviours among DWWTS users, a communication campaign must be theoretically informed. Incorporation of message framing, risk perception theory, and message tailoring may enable policymakers to influence broader audience types and attain greater responsiveness.
